This paper quantitatively investigates the effects of structural breaks on stock return volatility persistence by using the US and UK stock market index return data. Applying two kinds of representative univariate GARCH models of standard GARCH and EGARCH models, we derive the following interesting findings.
Introduction
In recent economics and finance literature, structural breaks are being highly important, while well-known volatility persistence of stock returns is also traditionally important in financial modeling (e.g., Jung and Maderitsch, 2014; Tsuji, 2016a; Adesina, 2017; Ahmed, 2018; Tsuji, 2018a) . Then what is the effect of structural breaks of stock returns on volatility persistence of stock returns? In addition, how are structural breaks as to stock returns related to volatility persistence of stock returns? In order to answer these research questions, this paper investigates the effects of structural breaks on stock return volatility persistence by using the US and UK stock market index return data. Applying two kinds of univariate GARCH models of standard GARCH and EGARCH models, we derive the following interesting findings. First, we find that for both the US and UK stock market returns, the volatility persistence parameter values of standard GARCH models decrease when structural breaks are taken into account. Second, we further reveal that for both the US and UK stock market returns, the volatility persistence parameter values of EGARCH models again decrease when structural breaks are taken into consideration.
As described later, these interesting findings are very robust. Thus, the evidence from our study is valuable for economic and financial modeling of many kinds of time-series variables in the fields of economics and finance. Therefore, these our results demonstrated in this paper shall make important contributions to the existing and future research in economics and finance. As for the rest of this article, in Section 2, we review recent related studies; in Section 3, the data and variables for our study are explained; and in Section 4, we document our analyzing methodology. After these, in Section 5, we explain our main results, and Section 6 concludes the paper.
Literature Review
This section briefly conducts a recent literature review focusing on structural breaks. Salisu and Fasanya (2013) investigated West Texas Intermediate (WTI) and Brent crude oil prices, and found two structural breaks that corresponded to the Iraqi/Kuwait conflict around 1990 and the global financial crisis around 2008. Jung and Maderitsch (2014) examined volatility transmission between Hong Kong, European, and the US stock markets over the period from 2000 to 2011, and they identified the time-variations and structural breaks in volatility transmission. Further, Gil-Alana et al. (2015) investigated the statistical properties of major precious metal prices of gold, silver, platinum, rhodium, and palladium, and they found evidence of structural breaks in all the cases except for palladium. Block et al. (2015) investigated WTI and multiple energy return series, and they suggested the presence of at least one structural break in both their conditional volatilities and the correlations between WTI and each energy series. Recently, Adesina (2017) explored volatility dynamics and volatility persistence under a supposed structural break by the Brexit-vote. As a result, this study suggested that in modeling volatility dynamics, a Brexit-vote structural break may be irrelevant. Furthermore, after controlling for structural breaks in conditional volatilities, the analyses of Ahmed (2018) found the unidirectional mean and volatility spillovers from natural gas to the Qatar's stock market.
As above, recent studies suggested the importance of taking into consideration structural breaks. Thus, in this paper, we quantitatively examine the US and UK stock returns by controlling structural breaks by using dummy variables in below sections. 
Data
This section explains our data and variables used in this study. All data are from Thomson Reuters. Our first variable is LRUS, which is the daily log return of the US S&P 500; our second variable is LRUK, which is the daily log return of the UK FTSE 100. Our sample period of these two returns is from January 4, 2000 to August 2, 2018. Figure 1 exhibits the evolution of the S&P 500 and FTSE 100 prices from January 3, 2000 to August 2, 2018. In addition, Figure 2 shows the evolution of daily percentage log returns of S&P 500 and FTSE 100 from January 4, 2000 to August 2, 2018. Table 1 shows the summary statistics of the above US and UK stock returns. Table 1 shows that 
Methodology
We next explain our analyzing methodology. In this study, we use two GARCH models of standard GARCH (Bollerslev, 1986) and EGARCH (Nelson, 1991) models. For the US and UK stock returns, we estimate these two models with and without dummy variables of structural breaks.
We construct the structural break dummy variables after we identify structural break points using ICSS algorithm. The determined break point numbers and time periods are shown in Table 2 . As Table 2 indicates, for LRUS, there are 12 break points and for LRUK, there are 18 break points for our sample period. We denote our structural break dummy variables for LRUS as USSHIFT (k) and those for LRUK as UKSHIFT (j), where k = 1,…,12, and j = 1,…,18. More concretely, as for these dummy variables, USSHIFT (1) takes the value of one for January 4, 2000 to June 14, 2002, and zero elsewhere; and UKSHIFT (1) takes the value of one for January 4, 2000 to November 13, 2001, and zero elsewhere.
Results
This section documents our empirical results. First, Table 3 shows the estimation results of standard GARCH models with or without structural break dummies for the US and UK stock returns. As Panel A of Table 3 shows, for LRUS, the GARCH parameter values of standard GARCH models decrease from 0.8918 (A−1) to 0.8035 (A−2) when structural break dummies are included. Similarly, as Panel B of Table 3 shows, for LRUK, the GARCH parameter values of standard GARCH models largely decrease from 0.8813 (B−1) to 0.7278 (B−2) when structural break dummies are included.
Moreover, Table 4 shows the estimation results of EGARCH models with or without structural break dummies for the US and UK stock returns. As Panel A of Table 4 shows, for LRUS, the GARCH parameter values of EGARCH models decrease from 0.9762 (A−1) to 0.9178 (A−2) when structural break dummies are included. Similarly, as Panel B of Table 4 shows, for LRUK, the GARCH parameter values of EGARCH models decrease from 0.9818 (B−1) to 0.9010 (B−2) when structural break dummies are included.
We stress that our main concern of this study lies in the changes in volatility persistence parameter values of GARCH models, and as above, they always decrease when structural breaks are taken into account. These results are recognized for both the US and UK, and for both standard GARCH and EGARCH models; hence, it is noted that the above results are very robust. Therefore, from our above results, we generally understand that when structural breaks are not taken into consideration, volatility persistence of international stock returns is overestimated in GARCH models. (2) USSHIFT (3) USSHIFT (4) USSHIFT (5) USSHIFT (6) USSHIFT (7) USSHIFT (8) USSHIFT (9) USSHIFT (10) USSHIFT (11) USSHIFT (12) (1) UKSHIFT (2) UKSHIFT (3) UKSHIFT (4) UKSHIFT (5) UKSHIFT (6) UKSHIFT (7) UKSHIFT (8) UKSHIFT (9) UKSHIFT (10) UKSHIFT (11) UKSHIFT (12) UKSHIFT (13) UKSHIFT (14) UKSHIFT (15) UKSHIFT (16) UKSHIFT (17) UKSHIFT (18) Notes: The sample period for standard GARCH estimations without or with structural break dummies is from January 4, 2000 to August 2, 2018. The number of the US and UK return series is 4,848. ***, **, and * denote 1%, 5%, and 10% statistical significance levels, respectively. We constructed structural break dummy variables after we identified structural break points using ICSS algorithm. (1) USSHIFT (2) USSHIFT (3) USSHIFT (4) USSHIFT (5) USSHIFT (6) USSHIFT (7) USSHIFT (8) USSHIFT (9) USSHIFT (10) USSHIFT (11) USSHIFT (12) 0.0203** −0.1422*** 0.0753*** 0.9178*** −0.2032*** 0.1035*** 0.1864*** 0.1446*** 0.0555*** 0.0132 0.1152*** 0.3161*** 0.2163*** 0.1032*** 0.0594*** 0.1730*** 0.0336** (2) UKSHIFT (3) UKSHIFT (4) UKSHIFT (5) UKSHIFT (6) UKSHIFT (7) UKSHIFT (8) UKSHIFT (9) UKSHIFT (10) UKSHIFT (11) UKSHIFT (12) UKSHIFT (13) UKSHIFT (14) UKSHIFT (15) UKSHIFT (16) UKSHIFT (17) UKSHIFT (18) Notes: The sample period for EGARCH estimations without or with structural break dummies is from January 4, 2000 to August 2, 2018. The number of the US and UK return series is 4,848. ***, **, and * denote 1%, 5%, and 10% statistical significance levels, respectively. We constructed structural break dummy variables after we identified structural break points using ICSS algorithm.
Conclusions
This paper investigated the effects of structural breaks on stock return volatility persistence by using the US and UK stock market index return data. In economics and finance, GARCH models are highly useful and important as Guo (2017) , Tsuji (2014 Tsuji ( , 2016b Tsuji ( , 2016c Tsuji ( , 2017a Tsuji ( , 2017b Tsuji ( , 2018b , and many other studies demonstrated. Based on this, applying two kinds of GARCH models of standard GARCH and EGARCH models, we derived the following interesting findings.
(1) First, we found that for both the US and UK stock returns, the GARCH parameter values of standard GARCH models decreased when structural break dummies are included.
(2) Second, we further revealed that for both the US and UK stock returns, the GARCH parameter values of EGARCH models again decreased when structural break dummies are included.
As above, according to all our empirical results, it is understood that when structural breaks are not taken into consideration, volatility persistence of international stock returns shall be overestimated in GARCH models. We note that this result is consistent with the results of Ewing and Malik (2016) , for example.
Overall, the evidence from our study is valuable for economic and financial modeling of many kinds of related time-series variables since as noted, our results were very robust. In addition, it is noted that the time-series modeling presented in this paper can be widely applied to many other kinds of economic and financial time-series data. On the other hand, however, the structural break dummies used in this study may be somewhat difficult to directly apply to multivariate time-series modeling; hence, we further recognize the needs and importance of developing suitable structural break modeling methodology for multivariate time-series data in the fields of economics and finance. It is one of our important future tasks.
